The influence of the water layer on the shear force damping is investigated in the case of a perfectly flat mica surface. In ambient conditions it is shown that the damping curve exhibits three particular regimes depending on the tip-sample distance. Moreover, the damping varies significantly over the first hour, pointing out the complexity of the distance control by shear force detection.
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The influence of the water layer on the shear force damping is investigated in the case of a perfectly flat mica surface. In ambient conditions it is shown that the damping curve exhibits three particular regimes depending on the tip-sample distance. Moreover, the damping varies significantly over the first hour, pointing out the complexity of the distance control by shear force detection. © 1998 American Institute of Physics. ͓S0003-6951͑98͒03244-6͔
One of the typical problems in near-field microscopy is the lack of a particular imaging plane. This peculiarity of this new microscopy has been pointed out from the beginning of its history 1 and a few recent articles have debated the best way for exploring the object surface. [2] [3] [4] The most used technique is based on the detection of the damping of the tip when submitted to a nanometer lateral dithering. This damping is due to the so-called ''shear forces,'' whose exact nature is still unclear. They seem to be a combination of various forces such as electrostatic forces, viscosity forces, and van der Waals forces, depending on the experimental conditions. Whatever the origin of this force it is obvious that the sample surface will play a dominant role in the damping behavior while the tip approaches the surface. 5, 6 In ambient conditions, which are the usual working conditions in light microscopy, most of materials are hydrophilic enough to attract the air humidity leading to water layers of a few nanometers of thickness. This very thin layer which perturbs the tip-sample interaction has often been pointed out as the probable cause for nonreproducible or even aberrant results.
In this letter, an analysis of the shear force behavior versus humidity is carried out. As in Ref. 7 , the retained sample under test is a mica sheet ͑muscovite͒. This choice is dictated by the possibility of getting in a very simple way a perfectly flat, clean, and dry surface just after cleavage.
The microscope used for achieving the experiment is a reflection near-field microscope ͑RSNOM͒ as shown and described in Ref. 8 . The shear-force damping is measured optically as proposed by Refs. 8 and 9. To improve the signalto-noise ͑S/N͒ ratio a synchronous detection associated to a four-segment photodiode is used to measure the damping. The sample is glued on a microscope cover glass with epoxy paste. After polymerization of the latter, the mica sheet is cleaved and rapidly stuck on the microscope platform by means of double-faced adhesive tape. Such a solution allows a fast gluing although it is responsible for a significant mechanical drift during the first hours.
The tip itself is generated from a monomode silica fiber. The tapered extremity is created by heating the fiber in a focused CO 2 laser beam according to a predefined pulling sequence. In our experiment the tip is not metallized in order not to introduce complementary uncontrolled parameters.
The tip dithering is ensured by means of a piezotube excited with a sinusoidal voltage. The determination of the dithering amplitude is not obvious because it depends on the free length of the fiber and on other parameters such as the gluing of the tip on its holder. From previous measurements based on heterodyne interferometry we can estimate that, in this precise case, the maximum amplitude is only a few nanometers.
The experimental procedure is the following: after setting the sample in the microscope the tip is brought to the mica sheet by means of a differential screw a few hundred nanometers from the surface. A saw tooth voltage is then applied to the piezoactuator ensuring a linear and periodic z motion. When the tip is approximately 1 nm from the sample, the shear force control becomes active preventing the crash of the tip on the sample ͓zone ͑d͒ one the curves and figures͔. The xy display facility available in the microscope is used for generating a bidimensional image, although the tip moves up and down without xy scanning. This procedure allows the estimate of the reproducibility, the mechanical drift due to the gluing of the cover glass on the microscope platform, and finally the effect of repeated approaches on the damping.
The humidity is measured by means of a hygrometer and can be maintained at a given value by placing the microscope in a plastic bag filled with dry argon or nitrogen. Humidity of less than 5% has been reached.
The aim of the experiments reported in this letter is to control precisely the evolution of the approach curve versus the water layer growth. Therefore, to slow down the water layer constitution, a flow of dry argon is directed towards the sample by means of a glass pipette. The curves are recorded over a period of 24 h.
The first experiment has been carried out over a short time interval ͑15 min from the first to the last approach curve͒. 128 approach curves have been successively recorded. Figures 1͑a͒ and 1͑b͒ show a portion of 27 lines of the whole image. The ambient conditions are: humidity ϭ37%, temperatureϭ23°C. In Fig. 1͑a͒ the tip moves towards the sample, and in Fig. 1͑b͒ that the gluing process is not mechanically stabilized͒. Beside the good S/N ratio, we also note that the approach curve is significantly different from the removal curve. In the latter case, the tip draws the water layer during removal creating a meniscus as discussed in more detail in the following figures. The water layer thickness is about 6 nm, this value is in good agreement with results presented in Ref. 10 . Figures 2͑a͒ and 2͑b͒ show a set of approach/removal curves for a longer time interval ranging from 2 min to 24 h. The humidity is about 37% ͑except for the last recording where the humidity increased to 52%͒. Inspite of the noise due to the feedback loop, we note a global tendency of the damping behavior. As for Fig. 1 we observe a significant difference between approach and removal curves. It appears clearly that the effect of the water layer formation is visible within the first minutes following the mica cleavage. Twenty-four hours later, the approach curve exhibits three different regions labelled ͑a͒, ͑b͒, ͑c͒ and ͑d͒. The first region associated to the beginning of the damping corresponds to the interaction between the tip and the water layer. The surprising stiff slope could be the result of the dynamical formation of a water bump while approaching the tip ͑preceding a meniscus creation͒. Another more satisfying explanation could be found in the properties of thin water layer interaction with the mica structure. In Ref. 10 the authors assert that between 20% and 40% humidity the water condenses in quasisolid states related to the mica structure. This hypothesis could explain the stiff slope observed in our experiments. The intermediate region ͑b͒ corresponds to the interaction between the tip and the meniscus; in this situation the tip is partially in the water which probably migrates along the tip walls. The slope looks weaker than in region ͑a͒. This behavior is no longer a solid/solid interaction, but a solid/ ͑liquidϩsolid͒ one. The damping is now partly due to capillarity forces, the strength of which depends on the variable water neck between the tip and the sample, and partly due to the interaction with the mica. This difference could be explained by the crystalline destruction of the water structure because of tip dithering. Finally, the last part of the curves corresponds to the interaction between the tip and the sample. It is thus a solid/solid interaction again, explaining the stiffness of the curve.
The last figure is a table of the possible situations en- FIG. 1 . Image of 27 successive approach curves, exhibiting a strong mechanical drift due to the sample gluing, and a difference of behavior between the approach and the removal of the tip probably due to water meniscus between the tip and the sample. ͑a͒, ͑b͒, ͑c͒, and ͑d͒ are labeled in Fig. 3 . countered in the interaction between the sample and the tip. The different regimes previously described are completed with the case where the tapered extremity of the tip is immersed in a water drop. This case is particularly interesting because only one damping regime is visible. Moreover, the slope is very stiff. This result is in agreement with the conclusions drawn in atomic force microscopy where similar results have been obtained. This study demonstrates the importance of the water layer in shear force microscopy on certain crystalline structures. Our results confirm the complexity of the topographical notion since some pollutants such as water can behave as liquid or solid, depending on the surface organization and probably on the nanoprobe behavior itself. They also show the difficulty of accurately using this distance control in ambient condition since only during the first 10 min the sample can be considered as sufficiently dry and clean to ensure a faithful relation between damping and topography. Fortunately, for usual near-field optical applications, i.e., for spatial resolutions near /10, the dependence of the shear force control with the ambient humidity does not have significant effects on the optical image. The problem is more crucial for very high resolution microscopes in which the xy resolution depends strongly on the distance between the tip and the sample surface. The shear force damping varying with the water ͑or pollutant͒ layer could introduce artifacts and crosstalk spoiling the optical image. Some unexpected phase effects observed in Ref. 11 are probably an example of such spurious images due to the water layer existence. Finally, whatever the humidity degree, the best working condition is achieved for a tip-to-sample distance as short as possible. This regime ͓labeled ͑c͒ in Fig. 3͔ ensures an excellent tip/ sample interaction limiting strongly the artifacts due to pollutants.
